Introduction
Copper has attracted attention due to its photochemical, 1 catalytic, 2, 3 and anti-microbial properties, 4 as well as cytotoxicity. 5 In nature, copper mainly occurs in the +1 and +2 oxidation states, and it is well known that copper(I) prefers to coordinate to soft donor ligands. Thus, the coordination chemistry of copper in nature is mainly dominated by amino acids such as histidine, cysteine, and methionine or ligands containing soft donor atoms such as sulfur. 6 A variety of coordination numbers exist, ranging from two to five, and are predominantly linear, trigonal planar or tetrahedral geometries are observed. Copper-transporting proteins, such as eukaryote Atx1, are flexible in nature and feature copper in coordination numbers of two or three, 7 while CusA a protein that is essential in bacteria for copper resistance, 8 was found to contain one Cu(I) in a trigonal planar geometry, Fig. 1 . The enforcement of low coordination numbers can be achieved by having a ligand with large steric demand. The terphenyl-based ligand frameworks, Fig. 2 , can provide such steric properties. Several derivatives of terphenyl ligands with nearly every main group element have been synthesized. 9 Our interest was to use dithiocarboxylate, thiolate, and selenolate derivatives to produce copper(I) complexes to model the active site of copper-containing enzymes with linear, trigonal planar, or tetrahedral coordination geometries. We have previously used amidinate ligands to examine the dinuclear copper Cu A site 10 and used the insertion of carbon disulfide into coppernitrogen bonds to produce polymetallic clusters and control the number of metal ions using the steric properties of the amidinate ligand. Herein, we report the synthesis and characterization of a series of copper complexes with coordination numbers of two, three, and four with linear, trigonal planar and tetrahedral geometries using sulfur and selenium-based terphenyl ligands. Results and discussion 
X-ray crystallographic analysis
X-ray structural analysis was used to determine the molecular structure of Cu 4 [S 2 C(2,6-Mes 2 C 6 H 3 )] 4 , 1, shown in Fig. 3 . All four ligands in the complex are µ 3 :η 3 featuring one bridging sulfur and one sulfur which is directly coordinated to one copper atom. The geometry around each copper center could be described as pseudo-trigonal. This is similar to the geometry and coordination environment for copper in the active site of CusA (see ion, Cu1, is three-coordinate in a pseudo-trigonal geometry. The Cu1-S1 and Cu1-S4 bond distances of 2.2277(5) and 2.2205(5) Å, respectively, are slightly longer than Cu2-S2 and Cu2-S3 of 2.1543(5) and 2.1579(5) Å. This is due to the electron density siphoned by the nitrogen atom of acetonitrile bound to Cu1, which leads to longer copper-sulfur bond distances. The Cu-N(acetonitrile) bond distance is 2.004(2) Å. The structures of 3 and 4 were determined by X-ray crystallography and revealed dinuclear and mononuclear complexes, respectively. In the solid-state, 3 forms a bimetallic core where the two ligands feature two different binding modes µ 2 :η 3 and µ 2 :η 2 , Fig. 5 . Within the µ 2 :η 2 unit, the two C-S bonds are essentially the same, indicating that the anionic charge of the ligand is delocalized along the S-C-S unit. The µ 2 :η 3 unit features two different C-S bonds. The longer C-S bond in C26-S4 resembles that of a single bond while C26-S3 is close to a double bond. Similar to 1, the sulfur with the longer C-S bond distance is acting as a bridge between two copper centers. Since only one 13 C NMR resonance is found for the quaternary carbon, the two S-C-S units are the same on the NMR time scale. This type of bonding has been observed in dinuclear copper(I) complexes previously. 16 The structures of 4, Fig. 6 , 5, Fig. S1 , † and 7, Fig. S2 , † are mononuclear copper(I) complexes with pseudo-tetrahedral geometry with two sulfur and two phosphorus atoms coordinated. The data collection for 5 was done at 298 K due to a phase transition at low temperature. In all three compounds, the C-S bond lengths are nearly identical, which indicate that the anionic charge of the ligand is delocalized. The coppersulfur and -phosphorus bond distances and angles are similar to others reported.
Complex 8, Fig. 7 , contains a two-coordinate copper center with a C1-Cu1-P1 bond angle of 168.380(3)°. Cu 2 [2,6-(Mes) 2 C 6 H 3 ] 2 has been reported with a Cu1-C1 bond distance of 1.927(5) Å. 12 This is nearly identical to the 1.9282(4) Å bond length in 8. In addition, the analog of 8 with PPh 3 is known and it contains C1-Cu1-P1 bond angle of 168.82(8)°and Cu1-C1 bond distance of 1.922(3) Å. 17 Complex 9, Fig. 8 , is a Fig. 4 Thermal ellipsoid plot of 2 shown at the 50% probability plot. All hydrogen atoms are omitted for clarity. Selected bond lengths: C1-S1: Complexes 12, Fig. S4 , † and 13, Fig. 10 , are three-coordinate complexes which feature the copper center coordinated through a chalcogenide, phosphorus, and an ipso-carbon interaction. There is no evidence for the ipso-carbon interaction in solution. The Cu1-S1 bond distance of 2.1734(10) Å is close to the 2.1470 (8) The C1-Se1-Cu1 angle in 13 is larger, 97.56(6)°, due to the larger size of selenium versus sulfur. The ipso-carbon interactions, Cu1-C13, in 12 and 13 of 2.378(3) and 2.28020(12) Å are similar to those seen in [Cu(2,6-(Mes) 2 
Conclusion
We have synthesized twelve new copper(I) complexes with chalcogen-substituted terphenyl-based ligands to produce mono-, di-, tri-, and tetranuclear complexes. This afforded complexes that structurally mimic the active site of several coppercontaining proteins such as Atx1 and CusA. The steric properties, in tandem with varying equivalents of PEt 3 , forced copper into geometries of near-linear, angular, pseudo-trigonal, and pseudo-tetrahedral. While these geometries are not unusual for copper(I) metal centers, the manipulation of the coordination environment to achieve different geometries is novel and demonstrates the necessity for the large protein manifolds to force the metal centers in alignment for proper function.
In addition, we have synthesized a new lithium dithiocarboxylate terphenyl complex. When the unsubstituted terphenyl ligand was employed, carbon disulfide insertion into the copper-carbon bond was observed, while this was not the case with the mesityl and triisopropyl-derivatives. The chemistry of the terphenyl ligand has been largely unexplored compared to the mesityl and triisopropyl-derivatives and the coordination chemistry and reactivity of this species is under further investigation.
Experimental

General considerations
All 6 (68 mg, 0.18 mmol) followed by 7.5 mL of (Et 2 O) 2 Li[S 2 C(2,6-(Mes) 2 C 6 H 3 )] (100 mg, 0.18 mmol) in thf to yield a dark brown colored solution. The mixture was stirred at room temperature overnight after which the solvent was removed in vacuo. The brown solid was extracted with toluene then filtered through Celite and the solvent was removed in vacuo to yield a brown powder (60 mg, 72%). X-ray quality crystals were obtained from a concentrated thf solution at −24°C.
1 H NMR (600 MHz, 4 (57 mg, 0.046 mmol) in thf to yield a deep red solution. The mixture was stirred at room temperature overnight after which the solvent was removed in vacuo. The deep red solid was extracted with hexanes the filtered through Celite and the solvent was removed in vacuo to yield deep red powder (101 mg, 96%). X-ray quality crystals were obtained from a concentrated hexanes solution at −24°C. 1 4 (57 mg, 0.046 mmol) followed by 10 wt% PEt 3 in hexane (217 mg, 0.18 mmol). The solution was then added to a suspension of (Et 2 O) 2 Li[S 2 C(2,6-(Mes) 2 C 6 H 3 )] (100 mg, 0.18 mmol) in toluene. The mixture was stirred at room temperature overnight after which the solution was filtered through Celite and the solvent was removed in vacuo to yield orange powder (61 mg, 48%). X-ray quality crystals were obtained from a concentrated toluene solution at −24°C. at −24°C.
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